The pension fund investments should be characterised by a long term, low risk and profitability, which implicates the necessity of portfolio diversification. In general, pension funds having regular long-term contributions should develop the long-term policy and its effects would be responsible for the economic position of their future beneficiaries. The ways of capital allocation are also critical in terms of the entire economy, as a constant flow of financial resources provided by pension funds stimulates the activity of its recipients. The typical assets in a pension fund's portfolio in the developed economy are stocks, bonds and real property owing to low (negative) correlation between these assets and their diversified potential. The legal investment limits imposed on the Polish pension funds exclude direct investment in real property, which is responsible -in the authors' opinion -for the lower level of diversification and hinders the risk reduction. The authors analyze the Polish pension fund portfolios focusing on risk and return levels. The aim of the study is to find the answer to the important question about the results of hypothetically added real property to the portfolios of pension funds.
Introduction
The number of people in the post-working age in proportion to the working age people will increase. According to estimations conducted by the European Central Bank, by 2050 the ratio 1 of the 65+ to people of 20-64 years of age will have amounted to 55%, which means a significant rise from the current level of 26% in the Euro zone 2 . This ratio will obviously be different in individual countries. In Poland the currently observed tendencies, in the scope of vital statistics, are similar to the countries of Western Europe and Scandinavian countries, however the Polish population is still relatively young. The trends in the mortality level manifested by longer life expectancy of population, are accompanied by irreversible changes in the fertility model (higher mean age of childbearing, smaller number of children). In the next decades the demographic structure of the Polish population will reflect the present tendencies -the aging of the population will be rapid. The statistical projections forecast that in 2035 the age group of 65+ will increase by more than 10%.
Thus, the investment activity of pension funds is of crucial importance for many millions of people who anticipate social protection at the post-working age. The amount of money being collected and invested by pension funds has been growing steadily and the financial resources invested by the funds may significantly influence the economy. The value of assets collected by pension funds in a number of countries is larger than their GDP -see Table 1 . Having in mind the variety of pension systems and their popularity in different countries it can be noticed that there are enormous dissimilarities between the assets' worth in relation to the GDP. However, there are some common points in the picture -rapid increase of pension funds assets in post-socialist countries like Poland, Czech, Hungary and generally negative influence of the financial crisis 3 .
Investment rules and regulations at the international level
The investments of pension funds are required to be distinguished by their long-term character and low level of risk, which involves the necessity to diversify the investment portfolios of these entities. The predictability of contribution payments favours the long-term investment policy while the results of business operations determine the economic position of future old-age pensioners. Such investment decisions also have a significant impact on providing a source of financing for different types of activities, including those which stimulate economic development.
In July 2004, the OECD Council adopted a special regulatory recommendation for pension funds -the "Recommendation of the Council on Core Principles of Occupational Pension Regulation". According to this document, to accomplish the goal of the funds, which was to provide future old-age pensioners with financial resources, required effective legal regulations and appropriate supervision. The document indicated that within investment activity it was necessary to comply with the rules of safety, profitability and liquidity with the use of available opportunities to reduce investment risk through investment portfolio diversification.
In response to the financial crisis, also experienced by pension funds and their beneficiaries, the OECD Council adopted in June 2009 a new "Recommendation of the Council Core Principles of Occupational Pension Regulation". The OECD aimed at stronger regulation and better governance to improve the regulation and supervision of private pension systems, covering the various aspects of the operation of these systems, such as licensing, governance, funding, investment and the rights of pension plan members.
The pension funds' investment was a subject of the OECD guidelines, called the 'Guidelines on Pension Fund Asset Management', adopted in 2006. The guidelines were elaborated upon and substantial attention was paid to the recommended investment policy. It was indicated that the limits on the share of particular kinds of assets should not be of the floor character; it is necessary to ensure diversification of investment portfolios and risk management. The investment limitations which interfere with adequate diversification should not be applied.
Assets in the investment portfolios of pension funds
Typical assets in the investment portfolios of pension funds include stocks, bonds and real property due to their low correlation and diversification potential 4 . A review of studies on the portfolio structures and financial performance of pension fund investments reveals the importance of such factors as timing, tax regulations and investment type.
In those countries where pension funds are not forbidden by legal regulations to invest in the real property market, real property is a component of investment portfolios, although its share varies. First of all it is the pension funds possessing substantial financial resources who are interested in such investments, which results from a large capital intensity of the real property and its low liquidity. It is also indicated that the share of real property generally represents a lower level than that suggested by theoretical research 5 . The selection of investment for the pension fund portfolios in the real property market is not limited to office and retail real property only, as in some cases profitable housing properties are also within the range of investors' interest. A key research issue is the difference between theory and practice as regards the share of real property in investment portfolios. Theoretical research points to the need to include real property in the portfolio to a larger extent than it happens in practice. It is suggested that the share should amount to 15-20% (this concerns both commercial and housing real property) 6 .
However, specific features of the real property contribute to reduction in the share of such assets in investment portfolios, see Table 2 .
Pension funds in the light of the Polish regulations
The operations issued by a closed-end investment fund may not exceed 10% of the value of its assets. As regards a fund's investment in investment certificates, a restriction also exists to the effect that the maximum allocation limit within one issue is 35% 10 . Pension funds may also invest in the real property market in an indirect manner through the acquisition of shares or stocks issued by entities investing in the real property market or the acquisition of mortgage bonds. However, the share of such indirect investments in the real property market is quite insignificant in the investment portfolios of pension funds. Finance. All the rates of return were calculated on a semi-annual basis. In total, this provided 13 observations for each asset. All the data concerning average prices of apartments were obtained from the bank PKO BP. Prices from the five largest Polish cities were selected for the study, as well as average prices. Thus, this data set included apartment prices from Lodz, Wroclaw, Poznan, Cracow and Warsaw. Moreover, average prices from all over Poland were used in the calculations. As regards commercial real property, data concerning office, industry and retail real property were used. Quotations were obtained from reports of the Colliers Company.
Methodology
In order to examine how real property will influence the efficiency of pension fund portfolios, an efficiency study of OFEs was conducted, and then the portfolios consisting of investments in a real property market and shares in pension funds were optimized. In the course of the research work, a hypothesis was formulated that pension funds which diversify their portfolios by means of real property investment may achieve larger efficiency. In order to verify this hypothesis, an efficiency analysis of the OFE portfolios without real property was carried out and, in the case of selected funds, with real property investments at a various level.
The pension fund efficiency analysis was carried out through the calculation of three portfolio efficiency ratios 13 of shares in selected pension funds were optimized. Next, a real property share was increased to 10% and 20%. It was assumed that the largest real property share in a pension fund portfolio would amount to 20%.
While analyzing subsequent investments, the average return levels, total and systematic risk levels and the volatility indicator were calculated.
Six pension funds were selected to build portfolios that included real property. They included one hypothetical fund whose shares were valued on the basis of the average value of 14 operating funds, two funds representing the highest, two the lowest and one fund representing the Sharpe ratio from the middle of the ranking. Table 3 presents the results obtained for OFEs, housing investments and market investments. All pension funds demonstrate a low risk-level, similarly to investments in the commercial real property market and 52-week treasury bills. A volatility indicator at a level lower than one has been observed only in commercial real property and government securities.
The study results
In the case of 12 pension funds, the Sharpe ratios are lower than the market ratio. The Treynor ratios are lower than the same ratios determined for the market index in 6 cases. The Jansen ratio assumes negative values in each case. Regarding to the Jensen ratios and almost all the Sharpe ratios analysis reveals that in the period studied, funds were not in the possession of investment portfolios of efficiency larger than the market index. However, it is necessary to bear in mind that the pension fund strategy is of a long-term character and the presented study period covers extremely turbulent events, which undoubtedly had an impact on the analysis results.
On the basis of the adopted research strategy, and the ranking of the Sharpe ratio value, the portfolios used for the subsequent studies included the hypothetical pension portfolio and five actual pension fund portfolios; two with the highest Sharpe ratio (AIG OFE -OFE 1 and Generali OFE -OFE 14), two with the lowest ratio (Aviva OFE Aviva BZ WBK -OFE 4 and Bankowy OFE -OFE 3) and one with a medium ratio (the seventh out of fourteen) (OFE PZU "Zlota Jesien" -OFE 11). Poland n/a n/a n/a 0.461 Wroclaw n/a n/a n/a 0.471 Lodz n/a n/a n/a 0.240
Cracow n/a n/a n/a 0.605 Warsaw n/a n/a n/a 0.652 Poznan n/a n/a n/a 0.566 new housing market Poland n/a n/a n/a -0.006 Wroclaw n/a n/a n/a 0.438 Lodz n/a n/a n/a 0.402 Warsaw n/a n/a n/a 0.593 Warsaw n/a n/a n/a 0.504 Poznan n/a n/a n/a 0.362 commercial real property office n/a n/a n/a 0.251 industry n/a n/a n/a 0.214 retail n/a n/a n/a 0.257 capital assets WIG 0.262 0.057 n/a 1.000 52-week treasury bills n/a n/a n/a -0.447 * Sharpe ratio higher than market ratio. ** Treynor ratio higher than market ratio.
Source: own research.
The conducted portfolio optimization led to results which were not surprising. While analyzing them it is necessary to take into account a number of restrictions connected with this research. The first and the most serious is the length of the research period adopted. This length is determined by data availability. The very short period in conjunction with an extremely turbulent situation (initial unprecedented rises followed by dramatic falls suggesting investors' panic) may be the reason for such results of the optimization -easy to predict and homogenous. This homogeneity was manifested in the maximum real property share in investment portfolios. Each time, no matter which OFE was diversified, and irrespectively of the manner of optimization, similar results were obtained, which proved that a portfolio should be diversified with real property to the greatest possible extent; thus the real property share should amount to 5, 10 and 20%. Table 4 presents results for Markowitz optimization. 
Conclusions
The increase in efficiency of each portfolio is not surprising against a background of stable real property prices in the Polish market. However, it seems that the studies should be repeated in the future in order to cover the whole business cycle including not only the stock exchange cycle but the cycle in the real property market as well. The Sharpe, Treynor and Jensen ratios in the constructed portfolios with real property revealed some improvement with respect to the pension fund ratios. The chosen methods of optimisation are based on the risk level optimisation in relation to the rate of return. The results of the analysis seem to be logical and coherent with the application of this approach. The real property fills in the gap between bonds and stocks.
The undertaken analysis provide a positive verification of the research hypothesis and thus one could tentatively argue that the diversification of pension fund portfolios through investment in the real property market is favourable for the beneficiaries.
Notes

